Introduction
The presented development of a damping model is a research component of an experimental feasibility study about moisture in building materials measured with Bluetooth® Low Energy (BLE) signals [1] . This study may be part of a structural health monitoring [2] aiming on early damage detection in the built infrastructure and is increasingly focusing on wireless sensor network technology [3] . It is investigated, how the Received Signal Strength Indicator (RSSI) of a BLE signal, transmitted from the BLE-module embedded in building materials with changing moisture content is damped. The BLE-module communicates with a mobile Smart Device as tablet or mobile phone via 2.45 GHz-ISMfrequency band where water dipoles start to oscillate. If the BLE-signal transfers through a moist material, the moisture content influences the RSS-Indicator.
The damping model demonstrates this damping effect on RSSI by the abstraction of the reality observed in a real system. Through the reproduction of the active relationships, the system behavior is decomposed in such a way that a separate consideration of the required system parameters is possible. The aim of the modelling is the derivation of a damping equation for the formal model to determine the moisture damping exponent to find a correlation.
Model development
The assumption is that the signal damping corresponds to the power transmission balance. This balance is the sum of the three damping components; Environmental damping, material damping (environment + material) and moisture damping (environment + material + moisture). Therefore, a model for these damping variables is The Log-Distance Path Loss Model is applied by switching on n for determining the damping components Eq. (3).
= −(10 * ) * log 10 � � −
At first, the environmental damping was considered. After insertion and conversion, the equation (4) 
Data validation and results
The hypotheses for the damping models were validated with the analyzed system data. In the evaluation of the experimental system data we can establish a proportional relationship between the moisture content and the logarithm of the received strength. To do this, the model experiment was carried out without moisture. By transferring the experimental data to the formal model, the following values are obtained for the environment and the material. See Fig. 1 . The calculated damping exponents from the model of the investigated moisture content (in %) show the dependence of the RSSI on the damp mass inside the building material. It can be observed, that the exponents of the damping grow continuously exponentially with the moisture content. said it can be concluded that water massively attenuates the BLE signal during data transmission. Based on the RSSI, it is possible to derive statements about the moisture content in the material. In accordance with the results of the model, the information value of moisture content decreases with the embedding depth of the sensor.
